developed mainly for entertainment [ 15, 16].
A nthropomorphic type robots combine many desirable tasks useful to learning and interacting with the environment features such as natural human like locomotion and and humans. In the early definition of the project two main human friendly design and behavior. As a result of this multi tasks were considered from which the design requirements degree of freedom human like robots have become more and for the waist mechanism were derived. These are crawling more common and many humanoid robots have recently and manipulation [17] . Based on the requirements implied been designed and fabricated.
by these two tasks the design of the waist mechanism of the The first biped humanoid robot was WABOT developed iCub was realized. A 3 DOF differential based mechanism at Waseda University in 1973. This biped which was able to was employed to provide not only increased stiffness but perform simple static walking was followed by the also increased range and flexibility of motion for the upper development of WABIAN I and II. WABIN-RII [1] . body. Following these first prototypes a number of other human This paper presents the design and control of this like robots were developed including the H6, H7 at the differential based waist mechanism of the iCub. The paper is University of Tokyo [2] , the impressive humanoid robots organized as follows: Section II gives the general P2, P3 and ASIMO developed by HONDA [3] [4] [5] and some specifications of the waist joint in terms of DOF, range of more recent prototypes such as the JOHNNIE the motions and torque requirements. The following section anthropomorphic autonomous biped robot [6] developed at describes the mechanical design adopted for the waist University of Munich and the HRP, HRP-2 developed by mechanism and highlights the advantages of this approach. METI in Japan [7] [8] [9] [10] .
Section IV introduces the system model used for the design
Other less well know medium and small size humanoids of the control scheme while section V presents the control include SAIKA [11] and KENTA [12] , the MK.5 a compact system design. Estimated Table I . the waist mechanism were identified as presented in Table   III . The CAD model and the first prototype of the waist the increased range and flexibility of motion for the upper mechanism of the iCub baby humanoid robot are shown in body. This increased flexibility results in an amplified Figure 1 and 2. The iCub waist was designed using the 3D workspace of the iCub when performing manipulation tasks CAD software Pro Engineer Wildfire 2 from PTC. using its hands when in a sitting position. As manipulation is directly related to learning which is an essential task for the iCub the 3 D.O.F waist will provide significant benefits. Based on the above the iCub waist needs to provide 3 D.OF enabling pitch, roll and yaw of the upper body.
As the iCub is a human-like robot and will perform tasks similar to those performed by a human, the range of motions of a standard human were used as a starting point for the selection of the movable ranges for the waist joints of the iCub. Table II below introduces the range of motion Fig. 1 . CAD captures of the differential drive to be used as the robot waist.
specifications for the joints of the waist mechanism in comparison with the corresponding ranges found in the human. Rx(OMI+0M2)= Oroll (3) i) Increased stiffness and accuracy.
ii) The sum of the torque generated by the two actuators R x (OMI -0M2) = 0pitch (4) that power the differential joint can be distributed in botjit.
Where R iS the gear head reduction ratio for motor I and both joints.
iii) As a result, smaller actuators can be used to achieve the 2, 0r1 and 0M2 are the rotor angles for motor 1 and 2 maximum output torques required for the pitch and yaw respectivelY and 0rO// and 0 are the waist roll and pitch motions. pitch The roll motion is implemented with the incorporation of rotation angles. a pulley shaft that is directly connected to the upper body C. Waist Dynamics frame. Torque is conveyed through a cable transmission In order to have an accurate mathematical description of system that provides also additional gearing to meet the the system the dynamics of the system must be included in torque requirements of the roll joint, Table III . For the first the simulation; this includes the weights of the mechanical prototype DC motor actuators were employed to power the assembly, friction of the contact joints and motors and the waist joints.
inertia of the system. In Figure 4 the block named "spine dynamics" includes the waist kinematics (combines the IV. SYSTEM 
Eb
This mathematical model was implemented using MATLAB Simulink, Figure 3 , and the results were referenced with the real system. ThDi7ere tare2mtr otoln h pitchhndirol motion siuanti-wndu scem widu lloo beD deconribed.
m it dnai A traditional PID controller uses the derivative and effectively reduce the steady state error, further more integral of the error signal; but when the reference input reducing the overshoot. Figure 6 shows the mentioned changes, the tracking error changes rapidly. The derivative scheme. signal of the tracking error can generate shock on the system [18]. To avoid this, the controller proposed uses the derivative of the output signal as shown in Figure 5 .
-~~~ã i n 2 The balance of the body of the robot is greatly affected by low enough, the rotor can take a considerable amount of the speed of motion due to inertial forces generated by the time to reach its final position, which in turn will produce a body weight. The following graphs show the simulated high integral term value.
results of the speed controller, with a forced reference input signal (the actual speed reference is generated by the position controller). These simulations were performed using MATLAB Simulink. The actuator groups used for this test consist of two MAXON DC motors and gearboxes with a maximum output speed after the reduction of 440 deg/s. In order to avoid this, a dynamic anti-windup scheme [18] 200 was implemented; this scheme, Figure 7 , takes the output of 100 the system and compares it with a pre-saturated output tol obtain a saturated error value, this value is then multiplied 0 2 4 Daa6mls 8 10
X112
by a previously set gain and then introduced to the 
